The events with two photons and missing (transverse) energy collected by the DELPHI detector at centre-of-mass energies between 130 GeV and 183 GeV have been studied to search for processes of the type e + e ! YY with the subsequent decay Y ! X , where X is an undetectable neutral particle. Reactions of this kind are expected in supersymmetric models, where the Y particle can be either the lightest neutralino, decaying to a photon and a gravitino, or the next-to-lightest neutralino, decaying to a photon and the lightest neutralino. To study the case of long-lived Y particles, a search for single-photon events with the reconstructed photon axis pointing far from the beam interaction region has also been performed. No evidence for a deviation from Standard Model expectations has been observed in the data and upper limits have been derived on the signal cross-section as a function of the the X and Y masses and of the Y mean decay path.
Introduction
Pairs of photons with missing energy are expected from reactions like e + e ! YY with the subsequent decay Y ! X , where X is a neutral undetected particle. Such processes are forseen in supersymmetric models with gauge-mediated supersymmetry breaking (GMSB) [1{5] , where the Y particle can be the lightest neutralino ( 0 1 ), decaying to a photon and a gravitino (G). In these models the energy scale of supersymmetry breaking p F is expected to be of the order of 100 1000 TeV, much l o w er than in conventional supergravity models, where it is normally assumed to be around 10 11 GeV. Since the gravitino mass, mG, scales as F=M P [4] , where M P is the Planck scale, the gravitino can be extremely light, with a mass of the order of 1 keV/c 2 or lower, and becomes the lightest supersymmetric particle (LSP). In this scenario, the reaction e + e ! 0 1 0 1 !GG produces a pair of photons accompanied by t w o i n visible particles. Identical reactions are expected in a \no-scale" supergravity model [6] .
If the gravitino mass is larger than 200-300 eV/c 2 , the 0 1 can have a signicant lifetime and y a long distance before decaying, producing photons which do not originate at the beam interaction region. As a consequence, to cover also the extreme case of very largẽ 0 1 lifetimes, the search for acoplanar photons from the interaction region needs to be complemented with a search for single photons whose ight direction does not point t o the beam interaction region.
Alternatively, in more conventional SUSY models where the 0 1 is the LSP, the process e + e ! 0 2 0 2 ! 0 1 0 1 can give rise to similar nal states, where the X particle, here identied as 0 1 , can be relatively heavy [7, 8] . In [8] this reaction has been indicated as a possible signal for supersymmetry at LEP in the context of a theoretical framework which could explain several anomalies encountered in dierent sectors of particle or astroparticle physics, such as the CDF eeevent [9] and the dark matter problem. Within the Standard Model, two-photon nal states with missing energy are expected from the reaction e + e ! (), for which the dominant diagram corresponds to neutrino production with Z-exchange in the s-channel and double (triple) initial state radiation. Other potential sources of background come from the QED process e + e ! (), when one photon is lost in a dead region of the detector, and from the e + e ! e + e () scattering when the electrons are lost or wrongly identied as photons. This paper describes a search for anomalous production of photon pairs with missing energy based on data collected using the DELPHI detector between 1995 and 1997 at centre-of-mass energies ranging from 130 GeV to 183 GeV. A previous analysis of events with acoplanar photon pairs collected at centre-of-mass energies between 130 and 172 GeV was published in [10] by the DELPHI collaboration. The results described here improve and supersede those of reference [10] . In addition the present search has been complemented with a search for single photons which originate far from the beam interaction region (referred to as \non-pointing single-photon events" in the following). Searches for similar nal states have also been performed by the other LEP collaborations [11] .
The layout of the paper is as follows: Section 2 summarises the main features of the DELPHI detector, Section 3 describes the real and simulated data samples, Sections 4 to 6 deal with the data analysis. The results are presented in Sections 7 to 9, while in Section 10 some results are interpreted in terms of constraints on the SUSY mass parameters. Section 11 gives the conclusions. 2 The DELPHI detector A detailed description of the DELPHI detector and its performance can be found in [12] . The present analysis is mainly based on the detection of electromagnetic showers in the High-Density Projection chamber (HPC), in the Forward ElectroMagnetic Calorimeter (FEMC) and in the Small angle TIle Calorimeter (STIC) (which is here used as a veto), as well as on the capability o f v etoing events with charged particles using the tracking devices.
Extensive use is made of the ne granularity of the HPC calorimeter, namely 2 20 mrad 2 in , where is the polar angle and the azimuthal angle, with 9 longitudinal samplings [13] , which allows a precise reconstruction of the direction of photon showers.
The outermost layers of the DELPHI Hadron Calorimeter (HAC) are used as a veto in order to reject in-time cosmic events. O-time cosmic events are eciently identied and rejected by means of the Cathode-Read-Out (CRO) system of the Hadron Calorimeter tubes.
In addition to the tracks reconstructed in the Time Projection Chamber (TPC), Inner Detector (ID) and Outer Detector (OD), the Vertex Detector (VD) track elements are used in order to reject nal states with charged particles coming from the interaction region.
The Vertex Detector was upgraded in 1996: the three layers of silicon strips at radial distances of 6.5 cm, 9 cm and 11 cm from the nominal beam crossing position now fully cover the polar angle region between 25 and 155 .
In addition, two l a y ers of silicon pixels and two l a y ers of ministrips, forming conical surfaces, were added in the two forward regions to form the Very Forward Tracker (VFT) covering angles between 10:5 and 25 to the beam direction [14] . In this region, each particle coming from the beam interaction point crosses at least two silicon layers.
The complete hermeticity ( > 99%) for electrons and photons even in the regions not covered by the calorimeters is guaranteed by a set of scintillator counters (Hermeticity Taggers) placed in the polar angle regions around 90 and 40 and at angles corresponding to the thin inactive regions between HPC modules.
3 Real data and simulated samples
Data samples
The data samples considered in this analysis were collected with the DELPHI detector at the centre-of-mass energies ( p s) of 130, 136, 161, 172 and 183 GeV, with corresponding integrated luminosities of 5.9, 5.9, 9.6, 9.9 and 49.7 pb 1 respectively. About one half of the data at p s = 130 and 136 GeV were taken in 1995 while the other half was collected in 1997.
The whole data sample was used in the search for acoplanar photon pairs, assuming the photons to originate at the beam interaction point. The samples taken in 1995 at p s =130 GeV and 136 GeV were not considered in the search for non-pointing singlephotons as the CRO system of the hadron calorimeter used to reject the background from cosmic rays was not fully operational.
Simulation of background and signal
Within the Standard Model framework, multiple-photon nal states can be produced at LEP via the reactions e + e ! () and e + e ! ().
The reaction e + e ! () corresponds to double photon emission from the initial state electrons, with production in the nal state. In this case the two photons normally show both large acoplanarity and large acollinearity 1 . H o w ever, the production cross-section is relatively small in the barrel region of the detector and the photons, being emitted from the initial state particles, tend to have a relatively low transverse momentum with respect to the beam direction. In addition, as the neutrino production is mainly mediated by Z-exchange in the s-channel, the missing mass tends to be close to the Z mass.
The process e + e ! () is a QED interaction between the incoming electrons and is mediated by an electron in the t-channel. When only two hard photons are produced, the two photons are necessarily back-to-back and their energy is bound to be exactly equal to the beam energy (E beam ). Additional hard photons may be emitted from the initial state particles but these tend to be collinear with the beam direction and are often lost in the beam pipe. When this occurs the visible photon pair can show relatively large acollinearity but small acoplanarity. Additional minor background contributions can originate from radiative Bhabha (e + e ! e + e ()) events when one or two electrons remain undetected or are wrongly identied as photons. Due to the good hermeticity of the DELPHI detector for vetoing high energy electrons, this background can be relevant only in the case where both electrons escape along the beam pipe. However, these events can be eliminated by requiring a minimum transverse missing momentum of the observed photons. The simulation of the Standard Model background is based on the KORALZ generator [15] for the e + e ! () reaction, on the RADCOR model [16] for the e + e ! () reaction and on BABAMC [17] for Bhabha events. The equivalent integrated luminosity for the main e + e ! () background exceeds 100 times the recorded data statistics at each centre-of-mass energy. In signal events the photons have a at distribution in cos and in energy, with minimum and maximum energies which depend on the masses of the particles involved in the reaction (and on the centre-of-mass energy). The simulation of the kinematics of the signal for the reaction e + e ! YY ! XX was performed with the SUSYGEN Monte Carlo program [18] , which generates processes of the type e + e ! 0 1 The features of signal and background, as predicted by simulations, justify the selection criteria presented in the following section. Two independent analyses were performed for the case of short-lived and long-lived Y particles.
1. For short-lived Y particles two acoplanar photons were searched for. This analysis is sensitive to mean decay paths of the order of 1 metre or shorter. 2. For the case of long-lived Y particles a search w as performed for single photons with a reconstructed shower axis which does not point to the beam interaction region. This second analysis is sensitive to relatively large mean decay paths on the detector scale (from 1 to some 20 metres).
Event selection for short-lived Y particles
The search for e + e ! YY ! XX events with prompt Y decay w as based on a two-step procedure. First events with two energetic photons and missing transverse energy were selected. This preselection was used in order to monitor the modelling of the Standard Model process e + e ! () which dominates the expected background.
In a second step the signal was enhanced over the background by requirements for missing mass, transverse momentum or polar angle. This second step depends on the assumption about the X particle, which can be extremely light (as in the case of the gravitino in GMSB models) or relatively heavy (as the 0 1 in the SUSY scenario considered in [8] ).
Event preselection
The preselection of two-photon nal states was based on the following requirements:
at least two electromagnetic clusters detected in the HPC or FEMC, each with polar angle in the region 10 < < 170 and scaled energy x = E =E beam > 0:05; at least one electromagnetic cluster satisfying the previous condition with polar angle in the region 25 < < 155 ; no showers in the external layers of the HAC calorimeter; no tracks reconstructed in the VD or VFT detectors corresponding to any electromagnetic cluster in HPC and FEMC or to any c harged particle track reconstructed by the ID{TPC{OD system; acoplanarity of the two most energetic photons > 3 ; acoplanarity of the two most energetic photons < 140 when = j 1 2 j < 20 ; total visible energy E vis < 0:9 p s; total transverse momentum p T > 0:03E miss , where E miss = p s E vis ; polar angle of the missing momentum in the region 10 < miss < 170 ; no isolated hits in the Hermeticity T aggers; total energy in the STIC (E STIC ) below 0.02 p s.
The clusters in the HPC and FEMC are dened as energy deposits where all small showers in a cone of 10 (half-angle) around the main shower have been merged together. In the HPC the photon clusters must meet the following criteria, in order to reject small clusters produced by alpha particles emitted from the lead converter and by the electronic noise: some energy deposit should be present in at least four of the nine longitudinal layers; no more than one empty l a y er is allowed along the longitudinal shower development; the energy deposited in any single layer must be less than 90% of the total cluster energy; the reconstructed shower axis should point to the beam interaction region within 25 in the and projections. The use of the VD alone to veto charged particle tracks avoids the rejection of photons converting behind the silicon tracker. By vetoing energy deposits in the external layers of the HAC, in-time cosmic events are rejected. The acoplanarity requirement reduces the contamination from e + e ! events, while the combined requirement on acoplanarity and eliminates single-photon events with the photon converting in the material in front of the calorimeters and producing two separate clusters in the FEMC or HPC. Finally, the requirement on the total missing momentum together with the adoption of the STIC veto in the very forward region eliminate the background of doubly radiative Bhabha events where the electrons escape detection along the beampipe.
Events with three electromagnetic clusters passing the previous selection were retained only if they satised the additional constraints: E vis < 0:8 p s; the event is signicantly aplanar, i.e., the sum of the angles formed by the three observed photons is less than 358 . Events with four or more electromagnetic clusters were rejected.
These additional requirements remove QED e + e ! () e v ents with more than two photons without reducing the signal eciency when an additional photon is radiated.
As already stated, this preselection was used in order to monitor the modelling and simulation of the Standard Model background. In order to improve the signal-to-background ratio the preselected events were then subjected to stricter requirements depending on the physics scenario considered for the signal as described in the next sections.
Final candidate selection: case of a massless X particle
For the special case of a (practically) massless X particle as in the reaction e + e ! the energies and angles of the detected photons must be compatible with those expected for a given Y= 0 1 mass. The rst requirement strongly suppresses the Standard Model background, where the photons, being emitted from the initial state particles, have a relatively low transverse momentum with respect to the beam direction. A more severe requirement is used when the missing mass is close to the Z mass because this is the kinematic region favoured by the e + e ! () process.
Final candidate selection: case of a massive X particle
For the more general reaction e + e ! YY ! XX, where the X particle is massive, the following critera were imposed: the polar angle of each photon should always belong to the interval [20 ; 160 ] i f M miss > 60 GeV/c 2 and should satisfy 40 < < 140 in the special case that 80 GeV/c 2 < M miss <110 GeV/c 2 ; the measured energies of the detected photons must be compatible with those expected for a given pair of Y= 0 2 and X= 0 1 masses. The rst criterion is justied by the fact that, for a small mass dierence between the Y particle and the X particle, the expected photon energies and transverse momenta can be relatively small and cannot be used to discriminate against the background. In this case the event selection can only be based on the photon polar angle distribution d/dcos , which is at for the signal and peaked in the forward direction for the background. the HPC photon clusters should satisfy the requirements described in Section 4.1, with the exception of the requirement concerning the reconstructed shower axis direction; in addition some energy deposit must be present in at least one of the three innermost longitudinal layers and the radial depth of the shower barycentre should not exceed 35 cm from the HPC inner radius; the minimum distance (impact parameter) between the beam crossing point and the shower axis reconstructed in the HPC should be greater than 40 cm.
no tracks pointing at the electromagnetic cluster should be present in the Vertex Detector; no track should be reconstructed in the other tracking devices; no isolated hit should be present in the hermeticity taggers; no energy deposit should be present in the external layers of the Hadron Calorimeter; no tracks should be reconstructed by the Hadron Calorimeter Cathode-Read-Out system. Compared with the HPC cluster denition described in Section 4.1, the cluster selection criteria have been strengthened slightly in order to eliminate the contamination from noise and cosmic events which is expected to be larger for single-photon events than for photon pairs. The additional requirement on the shower impact parameter as reconstructed by the HPC provides a reduction of the Standard Model e + e ! background by a factor 140, according to the simulation.
Signal eciency
The signal eciency was determined by simulating the process e + e ! YY ! XX for Y masses between 45 GeV/c 2 and the kinematic limit and for X masses between 0 and m Y with 5 GeV/c 2 intervals at each centre-of-mass energy. Due to the extreme simplicity of the nal states, the simulation of the detector performance was based on a simple Monte Carlo program. For nine dierent combinations of the X and Y masses, these estimates were cross-checked with a full simulation of the DELPHI detector as provided by the DELSIM [12] package and were found to be correct within 4% (relative).
The trigger eciency for single photons was studied in detail as a function of energy, polar angle and time, by using an independent track trigger for isolated electrons. The trigger eciency for two-photon nal states was derived from the single-photon trigger eciency as estimated from the data, taking into account the energy, the polar angle and the running period, assuming each photon to be independent from the others. The total eciency for the signal was estimated as the product of the selection and trigger eciencies.
The signal eciency (including the trigger contribution) for the case m X = mG 0 is shown in Figure 1 for the various centre-of-mass energies as a function of m Y = m0 1 , where the Y particle is assumed to decay at the beam interaction point. The signal sensitivity i s l o w er in the data taken at p s = 172 GeV due to a temporary malfunctioning of the barrel photon trigger in 1996.
In the more general case that the undetected X particles are massive, the signal eciency at p s = 183 GeV is shown in Figure 2 , where the Y and X particles have been identied with 0 2 and 0 1 respectively in the process e + e ! 0 2 0 2 ! 0 1 0 1 . Similar curves were obtained at lower centre-of-mass energies. Due to the requirement of a minimum photon energy adopted in the event selection, the signal sensitivity becomes small when the mass dierence m = m Y m X is below 5-10 GeV/c 2 . The Y particle is assumed to decay at the beam interaction point.
The selection eciency in the search for single, non-pointing photons for the e + e ! 0 1 0 1 !GG channel at p s=183 GeV is shown in Figure 3 as a function of the neutralino mean decay path for m0 1 = 60 GeV/c 2 and m0 1 = 80 GeV/c 2 . The same gure also shows the eciency obtained when the event selection described in Section 4.2 is applied to the search for long-lived neutralinos. The eciency has been obtained from a suitable parametrisation which has been tted to samples of fully simulated events based on the DELSIM package with ve neutralino mean decay paths, namely 1, 2, 4, 6 and 8 metres.
7 Results of the search for short-lived Y particles
Standard Model background monitoring
The data samples obtained after preselecting two-photon events are described in Table 1. In Figure 4 the missing mass distribution is compared with the KORALZ expectations after summing up the samples from all centre-of-mass energies. The contribution of the other background sources was estimated to be below 0.2 events in total and has been neglected.
A good agreement w as found between the observed data and the background simulation. Summing up all data samples, ten events were found, while 10.2 events were expected from the Standard Model background. Figure 5 shows the dierence in angle (for the and projections) between the direction of the HPC shower axis and the straight line passing through the photon shower barycentre and the beam interaction region as observed in all photons detected by the HPC belonging to the preselected sample. All HPC photons appear to originate in the proximity of the beam interaction region. The gure demonstrates the good HPC resolution in reconstructing the photon ight direction.
As mentioned in Section 4 the two-photon events described in Table 1 were passed through a tighter selection in order to enhance the signal-to-background ratio. Table 1 : The year of data taking, the centre-of-mass energy, the integrated luminosity, the number of events passing the preselection of two-photon events with missing energy and the number of background events expected in the Standard Model.
Case of massless X particles
For the m X 0 case the number of events found in the data after applying the transverse momentum requirement in Section 4.2 is compared to the e + e ! () background expectations in Figure 6 as a function of the measured missing mass. The number of detected events at each centre-of-mass energy is described in Table 2 , together with the corresponding background estimates. No excess was seen in the data, as two events were found while 2.7 were expected from Standard Model sources. The two data candidates, both taken at p s = 172 GeV, are the same as those identied in a previous analysis [10] Table 2 : The number of candidates found in the data and expected from the e + e ! () background as a function of the centre-of-mass energy. The results correspond to the search for the reaction e + e ! YY ! XX where the X particle is practically massless.
The most relevant features of the two acoplanar-photon candidates are described in Table 3 : The relevant features (photon energies, photon polar angles and missing mass) of the candidate events found in the search for the reaction e + e ! YY ! XX, i n t h e case of a massless X particle.
Case of massive X particles
In the analysis optimised for a massive X particle, four events were found in total in the data after applying the cut on the photon polar angles described in Section 4.3, while 3.4 were expected on the basis of the background simulation. The distribution of the data candidates among the centre-of-mass energies is described in Table 4 , while the missing mass distribution of the total sample is plotted in Figure 7 together with the prediction from the KORALZ model. The photon energies, polar angles and missing mass of the four data events are described in Table 5 : The relevant features (photon energies, photon polar angles and missing mass) of the candidate events found in the search for the reaction e + e ! YY ! XX, i n t h e case of a massive X particle.
Results of the search for long-lived Y particles
In the Standard Model no background is expected from photonic events when the photons do not originate from the beamspot. However, in some rare cases the direction of the photon shower axis can be wrongly reconstructed in the HPC, faking a signal event. This probability w as studied with detailed Monte Carlo simulations according to which 0 : 9 0 : 3 e v ents with reconstructed photon impact parameter greater than 40 cm are expected from the e + e ! process in the total analysed sample at p s=130{183
GeV. The fraction of this background aecting each subsample is proportional to the corresponding integrated luminosity divided by the beam energy squared.
The background from cosmic rays leaving no sign in the tracking devices, in the outermost layers of the Hadron Calorimeter or in the Cathode-Read-Out system is estimated to be negligible.
Two e v ents with non-pointing single photons were found in the data, both at p s = 161
GeV, in agreement with the total expected background. The most relevant features of the two candidate events are described in Table 6 .
The rst event has an impact parameter of 40.8 cm, which is just above the minimum required, and a measured missing mass of 92.2 GeV/c 2 , close to the Z mass. As a consequence this event m a y safely be interpreted as residual e + e ! background.
The second event presents a lower missing mass (74.2 GeV/c 2 ) but is also compatible with being an event of neutrino-antineutrino production with initial state radiation in which the photon shower axis has been wrongly determined due to the presence of a calorimeter crack. 120. 3  Table 6 : The relevant features (photon energy, polar angle, missing mass and impact parameter) of the two candidate events found in the search for non-pointing single-photons. 9 Limits on the signal cross-section Since no evidence for a signal was found in the data, cross-section limits for the process e + e ! YY, followed by Y ! X , w ere derived for each considered centre-of-mass energy and any X,Y mass combination for the case of short-lived Y particles (with mean decay path shorter than about one metre).
For the case of a massless X particle, or equivalently for the reaction e + e ! 0 1 0 1 ! GG, the limits obtained are shown in Figure 8 . These are expressed in terms of 95% condence level upper limits on the signal cross-section (e + e ! 0 1 0 1 ) a t e a c h centre-of-mass energy as a function of the 0 1 mass. In particular, the upper limit on the signal cross-section at the highest centre-of-mass energy ( p s = 183 GeV) ranges between 0.13 and 0.10 pb, depending on the 0 1 mass. A total systematic uncertainty of 5% was assumed for the signal eciency, which includes the uncertainties on the signal simulation (4%) and on the trigger eciency (3%). This was taken into account in deriving the cross-section limits according to the formula in [19] . The eect of the systematic error on the cross-section limits is negligible. The decaỹ 0 1 ! G is assumed to occur with 100% branching ratio. Figure 9 shows the 95% condence level upper limit on (e + e ! 0 1 0
) a t p s = 183
GeV when the results obtained from all data samples are combined according to the likelihood ratio multichannel method [20] assuming that the signal cross-section scales as 3 Y =s. If the cross-section is assumed to scale as Y =s, rather than 3 Y =s, the limit shown in Figure 9 decreases by a s m uch as 10%.
Similarly, the results obtained in the search for the process e + e ! 0 2 0 2 ! 0 1 0 1 are shown in Figures 10 and 11 , in terms of 95% condence level upper limits on the signal cross-section. The limits are shown as a function of the mass dierence betweeñ 0 2 and 0 1 at each centre-of-mass energy. As in the previous case, the decaỹ 0 2 ! 0 1 is assumed to occur in proximity of the beam interaction point, with 100% branching ratio.
The upper limit on the signal cross-section at p s = 183 GeV as derived from all data samples is shown in Figure 12 , where 3 Y =s scaling of the cross-section has been assumed.
The cross-section limits obtained in the search for the process e + e ! 0 1 0 1 !GG when 0 1 has a nite and detectable lifetime are shown in Figure 13 as a function of thẽ 0 1 mean decay path. The limits are displayed for m0 1 = 60 GeV/c 2 and 80 < m 0 1 < 91 GeV/c 2 after combining the data at all centre-of-mass energies. The curves correspond to the results obtained when the selections of Section 4.2 and Section 5 are applied to the data, rst separately and then combined according to [20] .
Supersymmetry interpretation of the results
The limits obtained in terms of neutralino production cross-sections can be interpreted in the context of Supersymmetric Models to constrain the free parameters of the theory.
By comparing the cross-section limits for the process e + e ! 0 1 0 1 at p s = 183 GeV with the expectations of the GMSB model considered in [5] where the neutralino is pure Bino (B) and mẽ R = 1 : 1 m 0 1 , the lower limit of 83 GeV/c 2 at 95% condence level is derived on the lightest neutralino mass. This constraint does not depend signicantly on theẽ L mass.
The region excluded by DELPHI data in the m0 1 versus mẽ R plane is shown in Figure 14 , where it is compared with the region compatible with theẽ interpretation of the ee CDF event [9] (as taken from [21] ).
In GMSB models, the neutralino lifetime in the decaỹ 0 1 ! G strongly depends on the gravitino mass mG, which in turn is related to the scale p F according to [4] :
The neutralino lifetime in the process e + e ! 0 1 
Conclusions
The search for anomalous production of acoplanar photon pairs which could be produced by the reaction e + e ! YY followed by Y ! X , where X is an undetected particle, yielded negative results in the data collected by DELPHI at the centre-of-mass energies ranging between 130 and 183 GeV, for any combination of the X and Y masses. The hypothesis of a Y particle with large lifetime was also considered. The number and the features of the selected events in the data were found to be compatible with the expected background.
On the basis of these results upper limits in the range 0.10-0.13 pb can be set on the !GG as a function of the 0 1 mass assuming BR( 0 1 !G)=1. The limit applies for any generic process of the type e + e ! YY ! XX where X is a massless undetected particle. The limit is obtained by combining all the data taken at centre-of-mass energies from 130 GeV to 183 GeV, assuming the signal cross-section to scale as 3 Y =s. 2 and m0 1 at p s = 183 GeV. A 100% branching ratio is assumed for the decaỹ 0 2 ! 0 1 . The limit applies for any generic process of the type e + e ! YY ! XX where X is a massive undetected particle. A 100% branching ratio is assumed for the decaỹ 0 2 ! 0 1 . The limit applies for any generic process of the type e + e ! YY ! XX where X is a massive undetected particle. The signal cross-section is assumed to scale as 3 Y =s. A 100% branching ratio is assumed for the decaỹ 0 1 ! G. 
